Neurotoxin Update and Review,
Part 1:The Science

Jason Emer, MD; Heidi A. Waldorf, MD

In the 2 decades since the approval of botulinum toxin for medical use in the United States, neurotoxin

for facial enhancement has become a standard of care for the treatment of dynamic wrinkles. Transient

paralysis of the musculature underlying facial rhytides can reduce the appearance of wrinkles. In recent

years, refinement of technique and combination therapy with other cosmetic modalities such as lasers

and filling agents has allowed practitioners to create a more natural appearance, rather than one that

is expressionless. As more botulinum toxin products become commercially available, it is clear that dif-

ferences exist and the nuances of dosing and injection pattern continue to be elucidated. Part 1 of this

series will focus on the'science of. the"currently available'neurotoxin'products. Part 2 will outline best

practices for their use in aesthetic' dermatology.

he use of neurotoxins for aesthetic med-
icine has become the most common
minimally-invasive cosmetic procedure
according to the American Society of Plastic
Surgeons 2008 National Clearinghouse
statistics.! OnabotulinumtoxinA (Botox Cosmetic) is
the most extensively used and studied neurotoxin
and has been used off-label for aesthetic use since the
US Food and Drug Administration (FDA) approved it
in 1989 for neurologic indications until its approval for
glabellar lines in April 2002. Botox Cosmetic exerts its
effect by temporarily paralyzing hyperdynamic muscles
underlying facial rhytides. The safety and efficacy of
Botox Cosmetic has been established both in clinical
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trials and practitioner“experience, although injection
technique, dilution and dosing, product storage, and
avoidance and management of potential complications,
may differ among those experienced with its use. Cur-
rently, several other neurotoxin products are available
worldwide, with only a few studied for cosmetic appli-
cations and only one other product approved for facial
aesthetics in the United States (Table 1).
AbobotulinumtoxinA (Dysport) is another botu-
linum toxin A product now approved in the United
States for facial cosmesis (April 2009). Rimabotu-
linumtoxinB (Myobloc), a botulinum toxin B product,
is only approved in the United States for cervical
dystonia (December 2000).2* Myobloc has been used
off-label in facial aesthetics and for hyperhidrosis*?;
however, its shorter duration of action, potential for
higher diffusion rates, and increased risk of autonomic
adverse effects at the required higher dosing units have
limited its use in facial aesthetic medication so it will
not be discussed further in this article.!®!® Incobotu-
linumtoxinA (Xeomin), another botulinum toxin A
was recently FDA approved for cervical dystonia and
blepharospasm. It is anectdotally reported to behave
similarly to onabotulinumtoxinA clinically. Off-label
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Major Commercially Available Neurotoxins

_

OnabotulinumtoxinA/ AbobotulinumtoxinA/
Dysport/Azzalure

Botox Cosmetic

IncobotulinumtoxinA/
Xeomin/Bocouture

Manufacturer or Allergan Inc, Irvine, CA

Ipsen LTD, UK; Medicis

Merz Pharmaceutical,

distributor Aesthetics, Scottsdale, AZ Germany
Bacteria strain Hall strain Ipsen strain Hall strain
Molecular weight 900 kD 900 kD 150 kD
Composition 100 U BTX-A 300 U and 500 U BTX-A 100 U BTX-A
0.5 mg HSA 0.125 mg HSA 1 mg HSA
0.9 mg NaCl 2.5 mg lactose 5 mg sucrose
Complexing protein ~ 5ng/100 U 12.5 ng/500 U None

USA, Canada, South America,
Europe, Asia

Approval regions

USA, Canada, South America,
Europe, Asia

Canada, South America,
Europe, Asia; USA?

Abbreviations: BTX-A, botulinumstexin A; HSA, human serum albumin.
°FDA approval in USA August 2010 for noneosmetic medical usage.

use for cosmetic purposes is anticipated but will not
be discussed here because it is not yet available at the
time of writing. Differences in dosing and practitioner
experience challenge comparisons between Botox
Cosmetic and Dysport. Attempts to compare their clini-
cal and pharmacological differences have shortcomings
due to the lack of clear dosage equivalency formula.
Nonetheless, clinical experience for the approved and
off-label indications will reveal characteristics of each
treatment that may refine therapeutic choices.

BRIEF HISTORY AND PATHOPHYSIOLOGY
OF NEUROTOXINS

Botulinum toxins are produced by Clostridium botulinum,
gram-positive anaerobic bacteria that works through
multiple mechanisms to block the release of acetyl-
choline from the presynaptic terminal of the neuro-
muscular junction.'*!” Botulinum toxins are similar in
amino acid size and molecular weight (toxin type A
dimers approximately 900 kD and toxin type B dimers
approximately 700 kD) and are synthesized as a com-
plex which is inactive until it is cleaved by bacterially
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produced proteases.'®!” All active botulinum toxins
are comprised of 2 chains, one heavy chain (molecu-
lar weight of 100 kD) and one light chain (molecular
weight of 50 kD) joined by a disulfide bond.'®! The
integrity of the disulfide bond is essential for the toxin’s
biological activity, making it fragile to various environ-
mental influences. Seven distinct antigenic toxins (A,
B, C, D, E, F and G) are produced by different strains
of the bacterium with only 5 being communicable to
the human nervous system (A, B, E, F, and G).%*
Although several subtypes have potential therapeu-
tic benefits, only commercial preparations of toxins
types A and B are approved by the FDA for use in
humans. When injected into muscle, the toxin inhibits
the release of acetylcholine at the neuromuscular junc-
tion, causing local paralysis in an area of functional de-
nervation within a few days to a week. Botulinum toxin
can also block the cholinergic autonomic innervations
of the sweat glands, the tear ducts, the salivary glands,
and smooth muscles. Clinical effects are dose related
and transient and usually diminish several months
after the natural regeneration of new nerve terminals
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at the treated site.?'** Botulinum toxin is more effective
in blocking neuromuscular junctions when the target
muscle is active, whether this is produced by self-made
movements or electrical stimulation.?**

The release of acetylcholine at the neuromuscular
junction requires the assembly of a set of soluble
N-ethylmaleimide-sensitive fusion attachment recep-
tor (SNARE) proteins at the neuronal cell membrane. 22
The 3 steps involved in neurotoxicity and subsequent
paralysis are: (1) the botulinum toxin binding irrevers-
ibly to the presynaptic cholinergic receptors; (2) the
neurotoxin is internalized via receptor-mediated endo-
cytosis; and (3) the neurotoxin cleaves synaptosomal-
associated membrane protein (SNAP-25) along with
vesicle-associated membrane protein (VAMP or synap-
tobrevin) and syntaxin to inhibit docking, fusion, and
release of acetylcholine.'®?” The SNARE proteins are
targeted by different neurotoxins: botulinum toxins A
and E cleave SNAP-25; botulinum toxins B, D, E
and G cleave VAMP or synaptobrevin; and botulinum
toxin C cleaves both SNAP-25 and syntaxin.?®%°

Potency units of the commereially ayailable neuro=
toxins are not interchangeable. The unitppotency of
these toxins is assessed,. with “mouse ‘intraperitoneal
injection assays and expressed in units of activity with
1 U defined as the dose that produces death within
72 hours in 50% of Swiss-Webster mice |assessed
(LDsy).** Although this definition applies tonall forms
of commercially available botulinim toxin, mouse D5,
assay protocols vary among manufacturers.>>* In the
literature the approximate unit equivalencies between
botulinum A neurotoxins are: 1 U Botox Cosmetic
equals 2 to 5 U Dysport.>*#23%35 Animal studies suggest
the longest duration of action is botulinum toxin A, fol-
lowed by B, E and E, with clinical efficacy, safety, and
adverse effects (such as unwanted diffusion) related to
protein composition, differing dilutions, volume, target
muscle selection, and injection technique.”® The lethal
dose of botulinum toxin A is between 2500 and 3000 U
for a 70 kg person, which is much higher than the typi-
cal dosage used for cosmetic applications.*

In the 1970s and early 1980s, human trials began to
be conducted using minute doses of botulinum toxin A
to selectively inactivate muscle spasticity in strabis-
mus.’”? Botulinum toxin A was found to be safe and
effective without any notable local or systemic adverse
effects leading to the approval in 1989 for ophthalmo-
logic and neurologic use (strabismus, blepharospasm,
and hemifacial spasm). Since then, botulinum toxin A
has been used to decrease muscle activity in a variety
of other conditions including dystonias, involuntary
muscle activity, and spasticity™ (Table 2).
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Improvement of facial wrinkles inadvertently was
observed when treating hemifacial spasm and blepha-
rospasm.**¥ When patients pointed out they were
unable to frown as much as they had before treat-
ment, systematic studies of botulinum toxin A for
glabellar lines were performed with the first reports
published in the 1990s.#%% In 2001, the results of
a large, randomized, placebo-controlled trial revealed
that botulinum toxin A was remarkably safe and effec-
tive for the treatment of facial rhytides.*® In this trial,
264 participants with moderate to severe glabellar
lines at maximum frown received 20 U of botulinum
toxin A or placebo into 5 injection sites and were fol-
lowed for 120 days after injection.*® Participants who
received botulinum toxin A experienced a significantly
greater reduction in glabellar line severity than par-
ticipants receiving placebo. Clinical results lasted 3 to
6 months and were greater in magnitude and duration
in participants less than 50 years of age.*

US Food and Drug Administration approval of Botox
Cosmetic in 2002 led to subsequent clinical studies
thatspepularized hotulinum toxin A as a safe and effec-
tivestreatment for a multitude of facial aesthetic condi-
tions.. The approvalof Dysport for cervical dystonia and
glabellar lines in the last year provided the first practi-
cal alternative to Botox Cosmetic. Transitioning between
neurotoxins' requires an.understanding of differences in
dosing, preparation, storage, and immunogenicity.

»,
_

Common Clinical Uses
of Botulinum Toxins

Approved Not Approved

Aesthetic - glabellar lines Aesthetic - all other areas

Severe primary axillary Palmar/plantar

hyperhidrosis hyperhidrosis

Cervical dystonia Migraine headache

Blepharospasm Back pain
Strabismus Achalasia
Upper limb spasticity Spastic bladder
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PREPARATION OF NEUROTOXINS
OnabotulinumtoxinA, Botox Cosmetic

Each vial of Botox Cosmetic contains either 50 or 100 U
of the Hall strain of Clostridium botulinum type A
neurotoxin complex with 0.25 or 0.5 mg of human
serum albumin and 0.45 or 0.9 mg of sodium chloride
at an optimal pH of 4.2 to 6.8 in a vacuum-dried form
without a preservative.*” Botox Cosmetic is indicated
for the temporary improvement in the appearance
of moderate to severe glabellar lines associated with
corrugator and/or procerus muscle activity in patients
aged 65 years or younger.*® The initial recommendation
to freeze unopened vials (—5°C or colder) has been
amended to allow storage in a refrigerator (2°C-8°C)
for 24 or 36 months for the 50- and 100-U vials,
respectively. The package insert recommends dilution
with sterile preservative-free saline 0.9%; however, use
of preserved isotonic saline reduces patient discomfort
without sacrificing efficacy and has become standard
of care.” It also recommends reconstituted product be
refrigerated and used within 24 hours; however, it has
been shown that Botox Cesmeticretains dtswefficacysfor
at least 4 to 6 weeks following reconstitutionsif stored at
4°C.7%5! Most practitioners.use between 1l and 3 mL of
saline to reconstitute for aesthetic use.”> A 5 U/0.1 mL
preparation is prepared by 2 mL of preservative-free
saline into the 100-U vial.”*?% Consensus recommenda-
tions and the Botox Cosmetic package insert validate
100 U/2.5 ml equals 40701 mLas the most versatile
concentration.”® Despite initial concerns about toxin
stability, no reduction in efficacy has been found
when the vial contents are shaken and foamed during
reconstitution.”® Reconstituted Botox Cosmetic should
be clear, colorless, and free of particulate matter and
should never be refrozen.

Clinical effect is determined by the number of units
of toxin injected as well as the concentration.”®® In
a dose-dilution study in which a total dose of 30 U
of Botox Cosmetic was reconstituted in 1-, 3-, 5-, or
10-mL saline, no differences in safety or efficacy were
seen among groups in treating glabellar lines.”® Dosage
is increased to correlate with the size of the treated
muscle. For example, adult men often require up to
double the dose of adult women for the same anatomic
area. In general, higher concentrations mean lower
injection volumes, less pain and edema, and more pre-
cise placement of product. Delivery of the same num-
ber of units in a lower concentration requires a higher
volume and therefore has the potential for increased
pain and a larger field of effect. This can be utilized to
an advantage or may lead to unpredictable side effects
nearby or far from injection placement.
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AbobotulinumtoxinA, Dysport

Dysport is supplied in 300-U vials for glabellar lines and
500-U vials for cervical dystonia. Each 300-U vial con-
tains lyophilized (vacuum-dried) abobotulinumtoxinA,
0.125 mg of human serum albumin, and 2.5 mg lactose.
Like Botox Cosmetic, Dysport is approved in the United
States for the temporary improvement of glabellar rhyt-
ides, is vacuum dried, and must be reconstituted before
injection.® Since Dysport is produced by column-based
purification rather than by the precipitation technique
used for Botox Cosmetic, it may be stored at room tem-
perature until reconstituted even though the package
insert recommends refrigeration storage prior to recon-
stitution.?” The package insert recommends refrigeration
of reconstituted product at 2°C to 8°C and administra-
tion within 4 hours; however, stability studies®' confirm
at least 15 days and extrapolation from Botox Cosmetic
data suggests a 4- to 6-week window of efficacy.

For the treatment of glabellar lines, reconstitution
of Dysport with 1.5 mL (10 U/0.05 mL) or 2.5 mL
(10 U/0.08 mL) of saline is recommended by the man-
ufacturerpAs detailedgpreviously, the potency units of
Dysport = ares specific to the preparation and assay
method wutilized. Units of biological activity of one
toxin cannot be precisely converted into units of any
other botulinum toxin product assessed with other
specific assay methods.”* However, in practice, most
physicians assume a ratio of 2 to 3 U Dysport to 1 U
Botox Cosmetic:® The results of a recent consensus
group conference suggested a “rule of 10s” be used;
that 10 U of Dysport be injected at sites where 4 to 5 U
of Botox Cosmetic would be used.®® In the authors’ expe-
rience a 2 U Dysport to 1 U Botox Cosmetic ratio using
a 3.0 mL dilution (300 U/3.0 mL equals 10 U/0.1 mL)
gives an easily manageable unit conversion for the
practitioner used to Botox Cosmetic and the volumes
used will be the same.

Relative contraindications, warnings, and precau-
tions for all neuromuscular blocking agents include:
patients with preexisting neuromuscular disorders; cer-
tain medications that can interfere with neuromuscular
transmission such as aminoglycosides, muscle relax-
ants, or anticholinergic drugs; pregnancy and lactation;
patients aged 65 years or older (geriatric use); patients
with surgical alterations to the facial anatomy; marked
facial asymmetry; inflammation or infection at the
proposed injection site(s); ptosis; excessive dermato-
chalasis; deep dermal scarring; and hypersensitivity
to any of the toxin preparation or components in the
formulation. Dysport is specifically contraindicated in
patients with a milk allergy, but is safe in those with the
much more common condition of lactose intolerance.
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CONCLUSION

Remarkable additions recently have become part of the
armamentarium of treatment options for dynamic facial
wrinkles. Major differences between the neurotoxins are
due to the pharmacology and formulation and may be
responsible for differences in diffusion capability, onset
of action, efficacy, and safety. Although precise dosing
conversion and injection point locations have yet to be
determined, it appears each neurotoxin is safe and effec-
tive with lasting results. Published results confirm that
botulinum toxin type A has a slower onset of action,
is longer-lasting, and less painful on injection when
compared to botulinum toxin type B.*!%13 Additional
clinical trials are needed to effectively determine the
differences among commercial toxins, especially as new
agents reach the US market. In Part 2 of this series, treat-
ment parameters for the currently approved botulinum
toxins will be outlined to maximize patient satisfaction.

This article is the first of a 2-part series. The second part on
best practices for neurotoxin use in aesthetic dermatology will
appear in a future issue of CosmeticsDermatology®.

REFERENCES

1. American Society of Plastic Surgeons. National clearinghouse of
plastic surgery statistics: 2009 report of the 2008 statistics. http:
/Iwww.plasticsurgery.org/Media/stats/2008-US-cosmetic-
reconstructive-plastic-surgery-minimally-invasive-statistics. pdf.
Accessed November 30, 2009+

2. Brashear A, Lew ME Dykstra DD, et al. Safety and efficacy of
NeuroBloc (botulinum toxin type B) in type A-responsive cervical
dystonia. Neurology. 1999;53:1439-1446.

3. Brin ME Lew ME Adler CH, et al. Safety and efficacy of NeuroBloc
(botulinum toxin type B) in type A-resistant cervical dystonia.
Neurology. 1999;53:1431-1438.

4. Flynn TC, Clark RE Jr. Botulinum toxin type B (MYOBLOC) versus
botulinum toxin type A (BOTOX COSMETIC) frontalis study: rate
of onset and radius of diffusion. Dermatol Surg. 2003;29:519-522.

5. Alster TS, Lupton JR. Botulinum toxin type B for dynamic glabel-
lar rhytides refractory to botulinum toxin type A. Dermatol Surg.
2003;29:516-518.

6. Sadick NS. Prospective open-label study of botulinum toxin
type B (Myobloc) at doses of 2,400 and 3,000 U for the treatment
of glabellar wrinkles. Dermatol Surg. 2003;29:501-507.

7. Spencer JM, Gordon M, Goldberg DJ. Botulinum B treatment of the
glabellar and frontalis regions: a dose response analysis. ] Cosmet
Laser Ther. 2002:;4:19-23.

8. Baumann L, Slezinger A, Vujevich J, et al. A double-blinded, ran-
domized, placebo-controlled pilot study of the safety and efficacy
of Myobloc (botulinum toxin type B)-purified neurotoxin com-
plex for the treatment of crow’s feet: a double-blinded, placebo-
controlled trial. Dermatol Surg. 2003;29:508-515.

9. Kim EJ, Ramirez AL, Reeck JB, et al. The role of botulinum toxin
type B (Myobloc) in the treatment of hyperkinetic facial lines. Plast
Reconstr Surg. 2003;112(suppl 5):885-97S.

www.cosderm.com

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

NEUROTOXIN UPDATE AND REVIEW

Jacob CI. Botulinum neurotoxin type B--a rapid wrinkle reducer.
Semin Cutan Med Surg. 2003;22:131-135.

Baumann L, Black L. Botulinum toxin type B (Myobloc). Dermatol
Surg. 2003;29:496-500.

Yamauchi PS, Lowe NJ. Botulinum toxin types A and B: com-
parison of efficacy, duration, and dose-ranging studies for the
treatment of facial rhytides and hyperhidrosis. Clin Dermatol.
2004;22:34-39.

Sadick NS. The cosmetic use of botulinum toxin type B in the
upper face. Clin Dermatol. 2004;22:29-33.

Gonnering RS. Pharmacology of botulinum toxin. Int Ophthalmol
Clin. 1993;33:203-226.

Valtorta F, Arslan G. The pharmacology of botulinum toxin.
Pharmacol Res. 1993;27:33-44.

Sakaguchi G. Clostridium botulinum toxins. Pharmacol Ther.
1982;19:165-194.

Turton K, Chaddock JA, Acharya KR. Botulinum and tetanus neu-
rotoxins: structure, function and therapeutic utility. Trends Biochem
Sci. 2002;27:552-558.

Cather JC, Cather JC, Menter A. Update on botulinum toxin for
facial aesthetics. Dermatol Clin. 2002;20:749-761.

Hambleton P Clostridium botulinum toxins: a general review of
involvement in disease, structure, mode of action and preparation
for clinical use. | Neurol. 1992;239:16-20.

Huang W, Foster JA, Rogachefsky AS. Pharmacology of botulinum
toxin. J Am Acad Dermatol. 2000;43(pt 1):249-259.

Cheng CM, Chen JS, Patel RP. Unlabeled uses of botulinum toxins:
a review, part 1. Am ] Health Syst Pharm. 2006;63:145-152.

Lowe NJ. Botulinum toxin type A for facial rejuvenation.
United States and United Kingdom perspectives. Dermatol Surg.
1998;24:1216-1218.

Dresslet D, Rothwell JC:Electromyographic quantification of the
paralysing effect of botulinum’toxin in the sternocleidomastoid
muscle. Eur Neurol. 2000;43:13-16.

Eleopra R, Tugnoli V, De Grandis D. The variability in the clinical
effect induced by botulinum toxin type A: the role of muscle activ-
ity in humans. Mov Disord. 1997;12:89-94.

Hesse S, Reiter E Konrad M, et al. Botulinum toxin type A and
short-term electrical stimulation in the treatment of upper limb
flexor spasticity after stroke: a randomized, double-blind, placebo-
controlled trial. Clin Rehabil. 1998;12:381-388.

Sollner T, Rothman JE. Neurotransmission: harnessing fusion
machinery at the synapse. Trends Neurosci. 1994;17:344-348.
Simpson LL. The action of botulinal toxin. Rev Infect Dis.
1979;1:656-662.

Rosales RL, Bigalke H, Dressler D. Pharmacology of botulinum
toxin: differences between type A preparations. Eur ] Neurol.
20006;13(suppl 1):2-10.

Dressler D, Benecke R. Pharmacology of therapeutic botulinum
toxin preparations. Disabil Rehabil. 2007;29:1761-1768.

Schantz EJ, Johnson EA. Dose standardisation of botulinum toxin.
Lancet. 1990;335:421.

Thakker MM, Rubin PA. Pharmacology and clinical applications of
botulinum toxins A and B. Int Ophthalmol Clin. 2004;44:147-163.
Odergren T, Hjaltason H, Kaakkola S, et al. A double blind,
randomised, parallel group study to investigate the dose equiva-
lence of Dysport and Botox Cosmetic in the treatment of cervical
dystonia. ] Neurol Neurosurg Psychiatry. 1998;64:6-12.

VOL. 23 NO. 9 * SEPTEMBER 2010 » Cosmetic Dermatology® 417

Copyright Cosmetic Dermatology 2010. No part of this publication may be reproduced, stored, or transmitted without the prior written permission of the Publisher.



NEUROTOXIN UPDATE AND REVIEW

33.

34.

35.

36.

37.

38.

39.

40.

41

42.

43.

44,

45.

46.

47.

48.

49.

Annese V, Bassotti G, Coccia G, et al. Comparison of two different
formulations of botulinum toxin A for the treatment of oesopha-
geal achalasia. The Gismad Achalasia Study Group. Aliment
Pharmacol Ther. 1999;13:1347-1350.

Shetty MK, IADVL Dermatosurgery Task Force. Guidelines on the
use of botulinum toxin type A. Indian | Dermatol Venereol Leprol.
2008;74(suppl):S13-522.

Carruthers A, Carruthers J. Toxins 99, new information about the
botulinum neurotoxins. Dermatol Surg. 2000;26:174-176.

Scott AB, Suzuki D. Systemic toxicity of botulinum toxin by intra-
muscular injection in the monkey. Mov Disord. 1988;3:333-335.
Scott AB. Botulinum toxin injection into extraocular muscles as
an alternative to strabismus surgery. Ophthalmology. 1980;87:
1044-1049.

Scott AB, Rosenbaum A, Collins CC. Pharmacologic weakening of
extraocular muscles. Invest Ophthalmol. 1973;12:924-927.

Scott AB. Botulinum toxin injection of eye muscles to correct stra-
bismus. Trans Am Ophthalmol Soc. 1981;79:734-770.

Carruthers A, Kiene K, Carruthers J. Botulinum A exotoxin use
in clinical dermatology. J] Am Acad Dermatol. 1996;34(part 1):
788-797.

Borodic GE, Cheney M, McKenna M. Contralateral injections of
botulinum A toxin for the treatment of hemifacial spasm to achieve
increased facial symmetry. Plast Reconstr Surg. 1992;90:972-979.
Carruthers JD, Carruthers JA: Treatment of glabellar frown lines with
C. botulinum-A exotoxin, J Dermatol Surg Oncol. 1992518:17-21.
Carruthers JD, Carruthers ‘A« Botulinum’ A exotexin in clinical
ophthalmology. Can J Ophthalmol. 1996;31:389-400.

Keen M, Blitzer A, Aviv J, et al. Botulinum toxin A for hyperkinetic
facial lines: results of a double-blind, placebo-controlled study.
Plast Reconstr Surg. 1994;94:94-99.

Lowe NJ, Maxwell A, HarperH: Botulinum A exotoxin for glabellar
lines: a double-blind, placebo-controlled study with an electro-
myographic injection technique. ] Am Acad Dermatol. 1996;35:
569-572.

Carruthers JA, Lowe NJ, Menter MA, et al. A multicenter, double-
blind, randomized, placebo-controlled study of the efficacy and
safety of botulinum toxin type A in the treatment of glabellar lines.
J Am Acad Dermatol. 2002;46:840-849.

Salti G, Ghersetich 1. Advanced botulinum toxin techniques against
wrinkles in the upper face. Clin Dermatol. 2008;26:182-191.
BOTOX COSMETIC (onabotulinumtoxinA) [package insert].
Irvine, CA: Allergan, Inc; 2009.

Alam M, Dover ]S, Arndt KA. Pain associated with injection
of botulinum A exotoxin reconstituted using isotonic sodium

418 Cosmetic Dermatology® ¢ SEPTEMBER 2010 » VOL. 23 NO. 9

Copyright Cosmetic Dermatology 2010. No part of this publication may be reproduced, stored, or transmitted without the prior written permission of the Publisher.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

chloride with and without preservative: a double-blind, random-
ized controlled trial. Arch Dermatol. 2002;138:510-514.

Hexsel DM, De Almeida AT, Rutowitsch M, et al. Multicenter,
double-blind study of the efficacy of injections with botulinum
toxin type A reconstituted up to six consecutive weeks before
application. Dermatol Surg. 2003;29:523-5209.

Garcia A, Fulton JE Jr. Cosmetic denervation of the muscles of
facial expression with botulinum toxin. a dose-response study.
Dermatol Surg. 1996;22:39-43.

Klein AW, Dilution and storage of botulinum toxin. Dermatol Surg.
1998;24:1179-1180.

Klein AW, Kreyden OP. Storage and dilution of botulinum toxin.
Curr Probl Dermatol. 2002;30:126-130.

Carruthers J, Fagien S, Matarasso SL, et al. Consensus recommen-
dations on the use of botulinum toxin type a in facial aesthetics.
Plast Reconstr Surg. 2004;114(suppl 6):15-22S.

Trindade De Almeida AR, Kadunc BV, Di Chiacchio N, et al. Foam
during reconstitution does not affect the potency of botulinum
toxin type A. Dermatol Surg. 2003;29:530-532.

Borodic GE, Ferrante R, Pearce LB, et al. Histologic assessment of
dose-related diffusion and muscle fiber response after therapeutic
botulinum A toxin injections. Mov Disord. 1994;9:31-39.

Shaari CM, George E, Wu BL, et al. Quantifying the spread of
botulinum toxin through muscle fascia. Laryngoscope. 1991;101:
960-964.

Shaart €M, Sanders /I. | Quantifying how location and dose of
botulinum toxin injections affect muscle paralysis. Muscle Nerve.
1993;16:964-969.

Carruthers A, Carruthers J, Cohen J, et al. Dose dilution and dura-
tion of effect of botulinum toxin type A (BTX-A) for the treatment
of glabellar thytides. Poster presented at: 60th Annual Meeting of
the American ‘Academyyof Dermatology; Februrary 22-27, 2002;
New Orleans, LA. P450.

DYSPORT (abobotulinumtoxinA) [package insert]. Scottsdale, AZ:
Medicis Aesthetics, Inc.; 2009.

Hexsel D, Rutowitsch MS, de Castro LC, et al. Blind multicenter
study of the efficacy and safety of injections of a commercial
preparation of botulinum toxin type A reconstituted up to 15 days
before injection. Dermatol Surg. 2009;35:933-940.

Van den Bergh P, Francart J, Mourin S, et al. Five-year experi-
ence in the treatment of focal movement disorders with low-dose
Dysport botulinum toxin. Muscle Nerve. 1995;18:720-729.

Hexsel D, Spencer JM, Woolery-Lloyd H, et al. Practical applica-
tions of a new botulinum toxin. J Drugs Dermatol. 2010;9(suppl 3):
S31-S37. |

www.cosderm.com





